
* . /  . - . I  ~ 

BELLCOMM.  INC.  
1100 Seventeenth Street, N.W. Washington, D. C. 20036 

, 

July 15, 1968 DATE: S U B J ~ C ~ :  AAP-1A - A B a s e l i n e  I n s t r u m e n t  
Package f o r  E a r t h  Sens ing-Case  630 

FROM: W .  W .  E l a m  

ABSTRACT 

The A A P - 1 A  ea r th  l o o k i n g  expe r imen t  complement 
p r o v i d e d  s t r o n g  s u p p o r t  t o  e a r t h  r e s o u r c e s  and me teo ro logy .  
It was n o t  an  optimum package from t h e  p o i n t  o f  view o f  
u s e r  d e s i r e s .  Most of  t h e  more u s e f u l  s e n s i n g  c o n c e p t s  
were i n c l u d e d , b u t  i n  some i n s t a n c e s ,  t h e  s p a t i a l  r e s o l u t i o n  
i s  i n a d e q u a t e  or fewer  s p e c t r a l  c h a n n e l s  t h a n  d e s i r a b l e  a re  
u s e d .  No data on a tmosphe r i c  d e n s i t y  and winds f o r  t h e  ad- 
vance  o f  l ong  r a n g e  weather f o r e c a s t i n g  a re  o b t a i n e d .  

l o o k i n g  expe r imen t s  t o  t h e  AAP c l u s t e r ,  a d e t a i l e d  s t u d y  
was nade of  t h e  s u p p o r t  o f f e r e d  t o  ea r th  r e s o u r c e s  and 
meteoro logy  by a p o s s i b l e  b a s e l i n e ,  t h e  A A P  1 A  exper iment  
package .  T h i s  work i s  summarized i n  a t a b l e .  Most of  t h e  
more u s e f u l  s e n s i n g  concep t s  a re  r e p r e s e n t e d ;  i n  some i n -  
s t a n c e s ,  s p a t i a l  r e s o l u t i o n  and s p e c t r a l  cove rage  a r e  i n -  
a d e q u a t e .  One i m p o r t a n t  ear th  r e s o u r c e s  s e n s i n g  method, 
l o n g  wave i n f r a r e d  s p e c t r o m e t r y ,  i s  i n a d e q u a t e l y  s u p p o r t e d  
by S049, a meteoro logy  expe r imen t .  
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I N T R O D U C T I O N  

The Apol lo  A p p l i c a t i o n s  Miss ion  1 - A  which was can- 
c e l l e d  had as i t s  p r i n c i p a l  s c i e n t i f i c  payload  14 e a r t h  re -  
s o u r c e s  and meteoro logy  e x p e r i m e n t s .  T h i s  i n s t r u m e n t  g roup  
or par t s  of i t  i s  b e i n g  used i n  a number o f  s t u d i e s  f o r  f u t u r e  
manned e a r t h  o r b i t a l  m i s s i o n s .  It  i s  t h e  pu rpose  o f  t h i s  
memorandum, c o n s i d e r i n g  t h e  1 - A  i n s t r u m e n t s  as a p p r o x i m a t e l y  
s t a t e  o f  t h e  a r t ,  t o  compare t h e  data p rov ided  by them t o  t h e  
da ta  r e q u i r e m e n t s  o f  ear th  r e s o u r c e s  and me teo ro logy .  

S e v e r a l  good c a n d i d a t e  expe r imen t s  had t o  be  exc luded  
from t h e  1 - A  m i s s i o n  because  o f  t h e  s h o r t  procurement  t i m e .  F o r  
t h e  same r e a s o n ,  some 1 - A  i n s t r u m e n t s  a re  degraded  from what 
c o u l d  be c o n s i d e r e d  s t a t e  of t h e  a r t .  N e v e r t h e l e s s ,  c o n s i d e r -  
i n g  t h e  1-A package a s  a b a s e l i n e  s h o u l d  be of a s s i s t a n c e  i n  
p l a n n i n g  f o r  e a r t h  s e n s i n g  on f u t u r e  manned s p a c e  f l i g h t s .  

Although a c h i e v i n g  e a r t h  r e s o u r c e s  and meteoro logy  
o b j e c t i v e s  by means of space  e x p e r i m e n t s  i s  s t r o n g l y  a f f e c t e d  
by  o r b i t a l  i n c l i n a t i o n  and the t i m e  o f  y e a r  of  t h e  f l i g h t ,  
t hese  e f f e c t s  w i l l  n o t  b e  d i s c u s s e d  here .  Long d u r a t i o n  f l i g h t s  
a t  h i g h  o r b i t a l  i n c l i n a t i o n  a re  asssumed.  

EXPERIMENT/APPLICATION MATRIX 

The e x p e r i m e n t / a p p l i c a t i o n  m a t r i x  ( s ee  F i g u r e  1) i s  
u s e d  as a means of showing which ea r th  r e s o u r c e s  and meteoro logy  
s u b - d i s c i p l i n e s  a r e  s e r v e d  b y  each  o f  t h e  1 - A  e x p e r i m e n t s .  Each 
column c o r r e s p o n d s  t o  a s i n g l e  i n s t r u m e n t ;  t h e  s p a t i a l  r e s o l u -  
t i o n ,  s p a t i a l  cove rage  and s p e c t r a l  r a n g e  of  t h e  i n s t r u m e n t  a re  
g i v e n .  Fo r  some i n s t r u m e n t s  a d d i t i o n a l  i n f o r m a t i o n  i s  a l s o  g i v e n .  

The rows cor respond t o  a p p l i c a t i o n s .  The e a r t h  r e s o u r c e s  
a p p l i c a t i o n s  are  shown a long  t h e  l e f t  edge and t h e  m e t e o r o l o g i c a l  
a p p l i c a t i o n s  a re  shown a long  t h e  r i g h t  edge .  I n  t h a t  s e n s e ,  t h e  
m a t r i x  i s  d o u b l e .  
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The symbols i n  t h e  m a t r i x  e l e m e n t s  show on t h e  l e f t  
p r i m a r y  o r  s econdary  s u p p o r t  f o r  e a r t h  r e s o u r c e s  and t h e  
adequacy of t he  s p a t i a l  r e s o l u t i o n  p r o v i d e d  by t h e  e x p e r i m e n t s .  
On t h e  r i g h t ,  t h e  symbols show p r imary  o r  s econdary  s u p p o r t  f o r  
me teo ro logy  and t h e  r e l a t i v e  impor t ance  o f  t h e  s u b - d i s c i p l i n e s .  

I n  a number of  i n s t a n c e s ,  t h e  m a t r i x  shows t h a t  one 
expe r imen t  s u p p o r t s  b o t h  meteoro logy  and e a r t h  r e s o u r c e s ,  o f t e n  
more t h a n  one s u b - d i s c i p l i n e .  

EARTH RESOURCES APPLICATIONS 

The e a r t h  r e s o u r c e s  a p p l i c a t i o n s  shown on F i g u r e  1 
are  i n  no s e n s e  e x h a u s t i v e  but  are t h o u g h t  t o  b e  r e p r e s e n t a t i v e .  
The s p e c t r a l  cove rage  of  i n t e r e s t  and a r a n g e  o f  d e s i r a b l e  
s p a t i a l  r e s o l u t i o n  i s  shown for each  a p p l i c a t i o n .  A q u a n t i -  
t a t i v e  e v a l u a t i o n  o f  t h e  d e g r a d a t i o n  o f  t h e  u s e f u l n e s s  o f  t h e  
da ta  as t h e  s p a t i a l  r e s o l u t i o n  becomes g r e a t e r  t h a n  t h a t  shown 
he re  as d e s i r a b l e  i s  beyond t h e  scope  of  t h i s  memo. The 
d e s i r a b l e  s p a t i a l  r e s o l u t i o n s  s t a t e d  do n o t  r e f l e c t  an  
" o f f i c i a l "  NASA o r  u s e r  agency p o s i t i o n .  They do r e f l e c t  what 
has been s t a t e d  by u s e r  a g e n c i e s  as b e i n g  d e s i r a b l e .  The r a t e  
o f  d e g r a d a t i o n  o f  t h e  u s e f u l n e s s  o f  t h e  da t a  as t h e  s p a t i a l  
r e s o l u t i o n  becomes c o a r s e r  v a r i e s  w i t h  d i f f e r e n t  s u b - d i s c i p l i n e s .  
The emphasis  on s p a t i a l  r e s o l u t i o n  i s  s t ressed  b e c a u s e  o f  i t s  
dependence on a l t i t u d e  and because  p l anned  l o n g  d u r a t i o n  m i s s i o n s  
must be  f lown a t  h i g h e r  a l t i t u d e s  t h a n  1 4 0  n.m. The i n s t r u m e n t  
per formance  g i v e n  i n  F i g u r e  1 i s  based on t h e  p l anned  a l t i t u d e  
of  t h e  1 A  m i s s i o n ,  1 4 0  n.m. 

Adequate s p a t i a l  r e s o l u t i o n  i s  c r i t i c a l  o n l y  t o  ea r th  
r e s o u r c e s ,  n o t  t o  meteoro logy .  The d e g r e e  of  adequacy o f  s p a t i a l  
r e s o l u t i o n  p r o v i d e d  by e a c h  i n s t r u m e n t  t o  e a c h  e a r t h  r e s o u r c e s  
s u b - d i s c i p l i n e  i s  shown where a p p l i c a b l e  by t h e  amount of  s h a d i n g  
of  t h e  i n d i c a t o r  r e c t a n g l e  as shown i n  F i g u r e  1. The s o l i d  r e c -  
t a n g l e s  show good s p a t i a l  r e s o l u t i o n .  The r e c t a n g l e s  w i t h  dashed 
o u t l i n e s  i n d i c a t e  i n a d e q u a t e  s p a t i a l  r e s o l u t i o n .  

F i g u r e  1 shows wide a p p l i c a t i o n  f o r  t h e  cameras (S100, 
SlOl) and. t h e  i n f r a r e d  imager (S102). The radar  imager  (Sl06) 
t h e  p a s s i v e  microwave imager ( S 0 7 5 ) ,  and t h e  two i n f r a r e d  s p e c t r o -  
meters (S049, SlO3)  have fewer b u t  s t i l l  a c o n s i d e r a b l e  number o f  
a p p l i c a t i o n s .  

Cons ide r ing  s p a t i a l  r e s o l u t i o n  t h e  cameras  and t h e  radar 
imager  a re ,  i n  g e n e r a l ,  adequa te ;  t h e  i n f r a r e d  imager  less  
a d e q u a t e ;  and the  p a s s i v e  microwave imager  and the i n f r a r e d  
s p e c t r o m e t e r s  m a r g i n a l  t o  i n a d e q u a t e .  



BELLCOMM. INC.  - 3 -  

A breakdown showing p r imary  or secondary  s u p p o r t  t o  
t h e  s u b - d i s c i p l i n e s  by exper iment  i s  p r e s e n t e d  i n  T a b l e  1. 
The expe r imen t s  are l i s t e d  i n  t h e  o r d e r  of  t h e  number o f  sub-  
d i s c i p l i n e s  g i v e n  pr imary  s u p p o r t .  Based on t h i s  c r i t e r i o n ,  
t h e  two camera expe r imen t s  s t a n d  o u t  a s  b e i n g  most u s e f u l .  The 
i n f r a r e d  imager  (S102) and t h e  l o n g  wave i n f r a r e d  s p e c t r o m e t e r  
(S-049) r a n k  n e x t .  

The i n f r a r e d  s p e c t r o m e t e r  (S049) a l t h o u g h  .a p r imary  
i n s t r u m e n t  f o r  3 s u b - d i s c i p l i n e s  and secondary  for 9 o t h e r s  
p r o v i d e s  i n a d e q u a t e  s p a t i a l  r e s o l u t i o n .  SO49 i s  an  expe r imen t  
d e s i g n e d  p r i m a r i l y  f o r  m e t e o r o l o g i c a l  p u r p o s e s .  It c o v e r s  a 
b r o a d  s p e c t r a l  band,  5 - 2 2 p .  The s p e c t r a l  r e g i o n  i n  t h e  thermal 
i n f r a r e d  o f  most i n t e r e s t  t o  ea r th  r e s o u r c e s  i s  8 - 1 4 p .  An i n -  
f ra red  s p e c t r o m e t e r  des igned  f o r  maximum r e s p o n s e  i n  t h i s  
s p e c t r a l  r e g i o n  i s  b a d l y  needed f o r  e a r t h  r e s o u r c e s .  

METEOROLOGY - APPLICATIONS 

The m e t e o r o l o g i c a l  a p p l i c a t i o n s  shown i n  F i g u r e  1 are  
s t r o n g l y  d i r e c t e d  toward t h e  o b j e c t i v e  of l o n g e r  r a n g e  weather 
p r e d i c t i o n  th rough  numer i ca l  a n a l y s i s  o f  g l o b a l  weather d a t a .  
The Un i t ed  Na t ions  World Weather Watch ( W W W )  and i t s  a s s o c i a t e d  
G l o b a l  Atmospheric  Research  Programme ( G A R P )  a re  i n t e r n a t i o n a l  
programs which p u r s u e  t h e  above o b j e c t i v e .  

A c h a r a c t e r i s t i c  o f  t h e  d a t a  r e q u i r e d  f o r  l o n g  r a n g e  
wea the r  p r e d i c t i o n  i s  t h a t  it must b e  t r u l y  g l o b a l  i n  e x t e n t .  
An a t t r a c t i v e  f e a t u r e  o f  earth o r b i t i n g  v e h i c l e  as a s e n s o r  
p l a t f o r m  i s  tha t  i t  can  p r o v i d e  t h e  r e q u i r e d  g l o b a l  c o v e r a g e .  

A d i s c u s s i o n  of t h e  da ta  r e q u i r e d  t o  s u p p o r t  t h e  WWW 
and GARP, which are  i n  l a r g e  measure  t h e  m e t e o r o l o g i c a l  a p p l i c a -  
t i o n s  &own on F i g u r e  l f i s  found i n  R e f e r e n c e s  1, 2 ,  3 .  By f a r  
t h e  most i m p o r t a n t  data  a re  t h o s e  l i s t e d  under  a t m o s p h e r i c  
s t r u c t u r e  and motion on F igu re  1. O f  t hese  i m p o r t a n t  a t m o s p h e r i c  
d a t a ,  t h e  1 - A  i n s t r u m e n t s  p rov ide  on ly  t e m p e r a t u r e ,  h u m i d i t y ,  and 
ozone measurements .  There i s  no c a p a b i l i t y  t o  measure t h e  two 
most i m p o r t a n t - - d e n s i t y  and wind.  A fo r thcoming  companion memo- 
randum w i l l  d i s c u s s  i n  g r e a t e r  d e t a i l  t h e  data  r e q u i r e d  f o r  t h e  
WWW and GARP,  t h e  problems i n v o l v e d ,  and the  methods for o b t a i n i n g  
t h e  da t a .  There a re  f o u r  expe r imen t s  which measure a t m o s p h e r i c  
t e m p e r a t u r e  and t h r e e  which measure water vapor .  They a re  m u t u a l l y  
s u p p o r t i n g  r a t h e r  t h a n  n e e d l e s s l y  r edundan t  i n  t h a t ,  i n  g e n e r a l ,  
t h e y  s e n s e  d i f f e r e n t  a b s o r p t i o n  bands or u s e  d i f f e r e n t  t e c h n i q u e s .  
One r e a s o n  f o r  t h e  m u l t i p l e  approach ,  which can b e  s u p p o r t e d  by a 
l a r g e  s p a c e c r a f t ,  i s  t o  de t e rmine  which t e c h n i q u e s  or combina t ion  
of t e c h n i q u e s  can  b e s t  o b t a i n  t h i s  e s s e n t i a l  m e t e o r o l o g i c a l  da ta .  
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A feature of great interest, shown on Figure 1, is 
the substantial amount of support given to meteorology by the 
earth resources experiments. 

FURTHERESERVATIONS AND SUMMARY 

The 1-A experiment complement includes most of the 
types of instruments needed to provide strong support to earth 
resources and meteorology. An important exception is the lack 
of methods to directly measure atmospheric density, and to 
measure wind. It should be noted, however, that as compared 
to the experiments considered in the APP"A" and APPI'B" packages, 
that the 1-A instruments sense fewer channels of the electro- 
magnetic spectrum, provide poorer spatial resolution, and omit 
some useful techniques. 

As a specific comment, the longwave infrared spectro- 
meter (S049) is a primary sensing method for three and secondary 
for nine earth resources sub-disciplines. It provides inadequate 
spatial resolution for earth resources. Earth resources need an 
infrared spectrometer designed for optimum performance in the 
8-14p spectral region rather than depending on S049, a meteoro- 
logical instrument covering the 5-22~ spectral region. 

The spatial resolution provided by the experiments for 
earth resources is less than desired for several techniques, 
even for a mission altitude as low as 140 n.m. For planned 
earth orbital missions at higher altitudes, it would be desirable 
to upgrade the performance of the instruments to meet the spatial 
resolution requirements. 

1011-WWE-cas W. W. Elam 
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